The search for potential ameliorative substances of Cadmium (Cd) toxicity is ongoing. Thus, this study was aimed at investigating the effects of Hibiscus Sabdarrifa L. anthocyanins (HSA) on Cd-induced oxidative stress in wistar rats. Anthocyanins were extracted from H. sabdariffa calyces using standard protocols and were identified with a Agilent HPLC system (model-LC 1100 series).Thirty wistar rats (185±5.2g) divided into Five (5) groups and were treated for fifteen days: Group 1: control, Group 2: Cd alone, 3mg/kg b wt, Group 3: HSA alone, 3mg/kg b wt, Group 4: HSA Pre-Cd -HSA (3g/ kg b wt for ten consecutive days) and Cd (3mg/ kg b wt) for the remaining five days, Group 5: HSA Post-Cd -Cd (3mg/kg b wt) for the first five consecutive days then HSA (3g/ kg b wt) for the remaining ten days. Comparison of HPLC chromatogram of anthocyanin extract of H. sabdariffa calyces with published data revealed the presence of malvidin-3-O-glucoside, delphinidin-3-monoglucoside, cyanidin-3-monoglucoside and petunidin-3-monoglucoside. Exposure to Cd significantly reduced (p<0.05) GSH levels and glutathione-s-transferase activity but significantly (P<0.05) increased lipid peroxidation in the plasma and tissues of rats. Cd-exposure also caused a significant decrease (p<0.05) in tissue SOD and CAT, but pre-treatment and post-treatment with HSA improved tissue SOD, CAT and GST activitieswith concomitant increase in GSH levels and reduction in tissue lipid peroxidation. This confirms the antioxidant capacity of H. sabdariffa anthocyanins in ameliorating Cd-induced oxidative stress when administered pre and post Cd exposure.
Cadmium is a non-essential toxic heavy metal. Its widespread use in electroplating, production of battery, pigments, plastics, fertilizer and other industrial products as resulted in the contamination of the environment, affecting human health through occupational and environmental exposure (Embugushiki et al., 2013; Onwuka et al., 2010; Gaurav et al., 2010) . Its long biological half-life (up to 30 years) coupled with its low excretion rate increases its toxicity as it bio-accumulate in tissues with the liver and kidney being principal targets (Rani et al., 2014; Yang and Shu, 2015) . Upon entrance into cells, Cd accumulates highly in the nucleus and cytoplasm (Andujar et al., 2010) .Cd-induced toxicity is mediated through different routes in cells and tissues such as oxidative stress and interaction between Cd and essential metals (Vesey, 2010; Cuypers et al., 2010) . Oxidative stress caused by Cd occurs via increase in reactive oxygen species such as singlet oxygen, hydroxyl radical and hydrogen peroxide, which alter tissue antioxidant defense systems and contribute to oxidative stress by increased peroxidation of membrane lipids, mutations in DNA, gene expression alterations and apoptosis (Ognjanovic et al., 2010) . Thus, Cd-induced oxidative stress can be detected by monitoring the activities of glutathione peroxidase, superoxide dismutase, catalase and tissue levels of malondialdehyde (Jabeen and Chaudhry, 2011) .
Chelating compounds such as calcium disodium versenate, dimercaprol and mesomercaptosuccinic acid have been used in treating cadmium intoxications and these yielded varying results (Aaseth et al., 2016) . However, some safety and effectiveness concerns about these chelators have been reported such that no chelating therapy in ameliorating Cd toxicity has so far been approved for clinical use (McCarty, 2012) . This has led to the search for the development of safe and efficient strategies against Cd toxicity (Callegaro et al., 2010) and in this regard, the attention of researches has been drawn to the potential of different plant antioxidants and poly-phenolic compounds such as anthocyanins, which have been reported to provide chemo-protective effects that combat oxidative stress in the body (Abeda et al., 2015 , Miguel, 2011 . Anthocyanins are members of the flavonoid family with a distinctive C3 -C6 -C3 carbon structure found widely in fruits, flowers and vegetables (Abeda et al., 2015) . Hibiscus sabdariffa Linn also known as Roselle or red Sorrel is a member of Malvaceae family widely (Al-Groom and Al-Kubaisy, 2016; Ologundudu et al., 2010) .The present study is thus aimed at investigating the ameliorative effects of Hibiscus Sabdarrifa L. anthocyanins (HSA) pre and post treatment on cadmium-induced oxidative stress in wistar rats. Hong and Wrolstad (1990) with sight modification as reported by Ologundudu et al., (2010) . The extraction began by pulverization of one (1) kg of H. sabdariffa calyces. The pulverized calyces were then extracted using ten litres of 0.1% trifluoroacetic acid (TFA) for a period of twelve hours at 40°C. Thereafter, the extract was filtered with Whatman No. 1 filter paper and the filtrate was applied to silica-gel resin column (120 mesh) for fractionation of the different compounds in the extract. The resin bed became red as it absorbed anthocyanins while sugars, acids and other water-soluble compounds were washed off with three litres of water. Anthocyanin pigments were thereafter eluted with 50% ethanol solution containing 0.1% TFA. The resulting eluate was dried at 40°C under vacuum to obtain a concentrated eluate, which was then was subjected to high-speed liquid chromatography (HPLC) to identify the purified anthocyanins and other active principles. This was done according to the method described by Drust and Wrolstad (1990) using Agilent HPLC system (model-LC 1100 series).
MATERIALS AND METHODS

Chemicals
Experimental animals: Thirty (30) adult male wistar rats weighing 185±5.2g were used for the study. The rats were obtained from the animal house of the University of Nigeria, Nsukka. Before the experiment commenced, the rats were kept in spacious rooms with temperature of 25 ± 2 0 C and 12h light/dark lightening system to acclimatize for one week and were fed with clean water and feed ad libitum.
Experimental Design and Treatment of animals:
Experimental rats were divided into Five (5) groups; Group 1: control, Group 2: Cd alone, 3mg/kg b wt, Group 3: HSA alone, 3mg/kg b wt, Group 4: HSA Pretreatment: HSA (3g/ kg b wt for ten consecutive days) and Cd (3mg/ kg b wt) for the remaining five days, Group 5: HSA Post-treatment: Cd (3mg/kg b wt) for the first five consecutive days then HSA (3g/ kg b wt) for the remaining ten days. H. sabdarrifa anthocyanin and cadmium (in form of aqueous solution) were administered to the animals orally by orogastric tube. The animals were treated for 15 days. At the end of the treatment period, the animals were sacrificed by cervical dislocation. Blood samples were obtained by cardiac puncture into heparinized bottles and centrifuged at 3000g for 10 min. From each rat, the liver and kidney were obtained, weighed and 1 g portion homogenized in ice-cold saline (1:4, w/v) and centrifuged at 5000g for 10 min. Sera collected was stored frozen until used for biochemical analysis.
Biochemical Assays: Determination of Catalase Activity: The method of Singha (1972) was used for the determination of Catalase activity of samples. In performing the assay, different amounts of H2O2 (10 to 100 μmoles) were put into small test tubes and 2ml of dichromate/acetic acid was added to each. This immediately produced an unstable blue precipitate of perchromic acid. Thereafter the solution mixture was heated for 10minutes in boiling water. This changes the colour of the solution to stable green due to formation of chromic acetate. Then, the volume of the reaction mixture was made to 3ml after cooling at room temperature. The optical density was then measured at 570nm with a spectrophotometer. A standard Catalase curve was obtained by plotting the concentrations of the standard against absorbance.
Determination of Superoxide Dismutase Activity:
The method of Misra and Fridovich, (1972) was employed in determining SOD activity in samples based on the inhibition of the autoxidation of adrenaline at pH 10.2 by superoxide dismutase. First, a 1 in 10 dilution of the sample was prepared by dilution 1 ml of sample in 9ml of distilled water. Then an aliquot (0.2ml) of the diluted sample was added to 2.5ml of 0.05M carbonate buffer pH 10.2 to equilibrate in the spectrophotometer. Thereafter, reaction was started by the addition of 0.3ml of freshly prepared 0.3mM adrenaline to the mixture and was mixed quickly by inversion. A blank %Inhibition = 100 − 100
One unit of SOD activity of being the amount of SOD necessary to cause 50% inhibition of the oxidation of adrenaline to adenochrome during 1 minute.
Estimation of Reduced Glutathione Level (GSH) level:
The method of Beutler et al., (1963) was followed in estimating the level of reduced glutathione (GSH). First, 0.2ml of sample was added to 1.8ml of distilled water and 3ml of the precipitating solution was mixed with sample. Thereafter, the mixture was allowed to stand for five (5) minutes and then filtered. At the end of the fifth minutes, 1ml of filtrate was added to 4ml of 0.1M phosphate buffer. Then 0.5ml of Ellman's reagent was added. A blank was also prepared containing 4 ml of 0.1M phosphate buffer, 1ml of diluted precipitating solution (3 parts to 2 parts of distilled water) and 0.5 ml of Ellman's reagent. The optical density was measured at 412nm with GSH being proportional to the absorbance at this wavelength as estimated from the GSH standard curve.
Estimation of Tissue Lipid Peroxidation:
The level of Thiobarbituric acid reactive substances (TBARS) which is an index of lipid peroxidation was determined by the method of Varshney and Kale (1990) . An aliquot of 0.4ml of the sample was mixed with 1.6ml of Tris-KCL buffer to which 0.5ml of 30% TCA was added. Then 0.5ml of 0.75% TBA was added and placed in a water bath for 45 minutes at 80 0 C. This was then cooled in ice and centrifuged at 3000g. The clear supernatant was collected and absorbance measured against a reference blank of distilled water at 532nm. Liquid peroxidation in units/mg protein or gram tissue was computed with a molar extinction coefficient of 1.56 X 10 5 M -1 CM -1 . Values of TBAS are reported in terms of malondialdehyde (MDA) and expressed as µmole MDA/g tissue. The amount of MDA in the samples was quantified using a molar extinction coefficient of 1.56x10 5 m/cm.
Analysis of Data:
Results obtained in the study are presented as Mean ± SD. Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) software. The one-way analysis of variance (ANOVA) was utilized in comparing the degree of significance of different parameters estimated and the difference between means were considered to be significant at p< 0.05.
RESULTS AND DISCUSSION
HPLC Analysis of H. sabdariffa Anthocyanins: HPLC analysis of anthocyanin extract of H. sabdariffa calyces (Fig 1) showed that it contains several anthocyanins with the main ones been malvidin-3-Oglucoside, delphinidin-3-monoglucoside, cyanidin-3-monoglucoside and petunidin-3-monoglucoside based on their retention time from published data. This result is in agreement with the work of Ologundudu et al., (2010) who identified delphinidin-3-monoglucoside, cyaniding-3-monoglucoside and petunidin-3-monoglucoside as the predominant anthocyanins in H. sabdariffa calyces. Obouayeba et al., (2015) who did phytochemical characterisation and antioxidant activity analysis of Hibiscus sabdariffa (Malvaceae) calyx extracts also identified delphinidin 3-Oglucoside and cyanidin 3-O-glucoside as the major anthocyanins in Hibiscus sabdariffa (Malvaceae) calyx. In addition, Abeda et al., (2015) revealed that cyanidin-3-O-sambubioside is the predominant anthocyanin in Hibiscus sabdariffa callus. This results thus supports the implication of anthocyanins as being responsible for the antioxidant properties of Hibiscus sabdariffa (Milbury et al., 2010) . 
Effects of H. sabdariffa Anthocyanins on Tissue
Oxidative Parameters: Exposure to Cd significantly reduced (p<0.05) GSH levels and glutathione-stransferase activity in the plasma and tissues assayed as shown in Tables1 and 2 respectively. This was accompanied by increased lipid peroxidation in the tissues of Cd-exposed rats (Table 3) .
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. 468 These can be attributed to the oxidative stress induced by Cd and is in line with earlier reports (Atagana and Asagba, 2015; Al Groom and Al-Kubaisy, 2016 , Baomy, 2016 ). Baiomy, (2016 showed that Cd caused increase in lung tissue malondialdehyde and reduced the activity of glutathione peroxidase and other antioxidant enzymes, while the work of Al Groom and Al-Kubaisy (2016) indicated that Cd administration significantly reduced glutathione (GSH) concentration, but increased malondialdehyde levels in rat erythrocytes. Membrane lipid peroxidation has been shown as an important early manifestation of Cdinduced oxidative damage to the liver and kidney playing a major role in the induction of toxic lesions Okoye, 2012 and Embugushiki et al., (2013) . This study confirms that exposure to cadmium causes a significant increase in membrane lipid peroxidation in the liver and kidneys of rats.
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Reduced glutathione (GSH) is involved in the detoxification of reactive intermediates by quenching free radicals directly or by conjugation and hydro peroxide reduction. It role in maintaining balance of cellular redox processes cannot be overestimated (Volodymyr, 2012) . Thus, the depletion of GSH facilitates the production of ROS leading to oxidative stress and increased lipid peroxidation as observed in this study. But pre-treatment and post-treatment with HSA blocked this phenomenon effectively. This may be due to the enhancement of the activity of GST by the extracts (Table 1) . Usoh et al., (2005) noted that the level of GSH in cells and tissues depends greatly on the activity of GST. It is thus not surprising that pretreatment and post-treatment of Cd-exposed rats with HSA significantly induced the activity of GST in the liver and kidney and reversed its Cd-induced depletion. It can therefore be said that the effects of HSA against Cd toxicity, observed in this study, may be due to increased GST activity with concomitant increase in the levels of GSH. Another reason for this observation may be direct quenching of the reactive metabolites induced by Cd toxicity by HSA. Extracts from HS have previously been reported to have this effect (Mossalam et al., 2011) .
The activities of endogenous antioxidants such as catalase and superoxide dismutase were also studied as presented in Tables 4 and 5 respectively. Cd exposure caused a significant decrease (p<0.05) in tissue SOD and CAT activities accompanied by increase in MDA levels (Table 2) . These findings are consistent with Atagana and Asagba, (2015) Patra et al., (2011) noted that Catalase, superoxide dismutase (SOD), and glutathione peroxidase are the three primary antioxidant enzymes of the endogenous defence systems needed for the removal of reactive oxygen species and protection of cells, tissues and organs from oxidative damage. The increase in SOD and CAT activities observed in the liver and kidney, relative to other tissues, may be due to high induction of SOD in these tissues being the major targets of Cd accumulation and toxicity.
In this study, pre-treatment and post-treatment with HSA improved tissue SOD and CAT activities and this observation is consistent with the work of Usoh et al., (2005) . The ability of H. sabdariffa anthocyanins to protect and liver and other tissues is shown by the significant (P<0.05) increase in the activity of CAT and SOD in the liver and other tissues when compared with rats exposed to Cd alone. This again shows that H. sabdariffa anthocyanins are potent antioxidant and is in consonance with the reported protective effects of antioxidant nutrients against Cd-induced oxidative stress and lipid peroxidation in the liver and kidney (Asagba et al., 2010and Mafulul and Okoye, 2012) .
Conclusion:
The results of this study confirm the antioxidant capacity of H. sabdariffa anthocyanins in ameliorating Cd-induced oxidative stress when administered pre and post Cd exposure. It is therefore both curative and protective in its effect against Cdtoxicity and can be used for the treatment of Cd intoxication in populations where Cd exposure due to environmental pollution is still rampant.
